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a. Project title : Development of Computational Techniques to Integrate Multimodal, 

Multiscale Omics and Imaging Data for Cancer Diagnosis and Prognosis 

b. Start Year : May 2016 

c. End Year : April 2021 

d. Funding agency : Ministry of Electronics and Information Technology, Government of 

India 

e. Money sanctioned :  37 lakh 

f. Money spent :  30 lakh 

g. Number of Publications: 
(v) Books 0 

(vi) Journals : 26 

(vii) Conf./Workshop/Book Chapters : 6 

(viii) Patents (filed/accepted) : 0 

h. Capital item(s)purchased : 4 (PCs) + 1 (Printer) 
 

 
a. Project title : Computational Methods to Integrate Microarray Data and Protein-Protein 

Interaction Networks for Disease Gene Identification 

b. Start Year : April 2017 

c. End Year : March 2020 

d. Funding agency : Indian Statistical Institute 

e. Money sanctioned : 

f. Money spent : 

g. Number of Publications: 

(ix) Books 0 

(x) Journals : 3 

(xi) Conf./Workshop/Book Chapters : 1 

(xii) Patents (filed/accepted) : 0 

h. Capital item(s)purchased : 1 (PC) 
 

MIU-23/IGCDM/DPM(New) (2023-2026) 

 
MIU-23/IGCDM/DPM(New) (2023-2026) 
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1. Project Title: Image Generation Conditioned on Text using Diffusion Models 
 

2. Name of Proposing Scientist: Deba Prasad Mandal 
 

3. Name of Other Scientists associated with their affiliation: 

 Dr. Dinabandhu Bhandari, Professor, Heritage Institute of Technology, Kolkata 
 

4. Date of Commencement: 01 April 2023 
 

5. Expected Date of Completion: 31 March 2026 
 

6. Project Summary (Max. 200 words): 

Significant progress is observed in recent years on generative models using deep learning. Coupled with 
the language modeling abilities of transformers significant strides have been made in the field of text-
image generation. Thus far many approaches have been taken towards making text-image models more 
efficient and having better photorealism. The notable works in this field have widely used either 
Generative Adversarial Networks (GANs) or Diffusion Models. Whereas some works have used 
Contrastive Learning such as CLIP leveraging the language modeling capabilities of Large Language 
Models. CLIP has emerged as a successful representation learner for an image. CLIP embeddings being 
robust to image distribution shift, having impressive zero shot capabilities are desirable a property to 
use in the text-image model. CLIP uses an image encoder and a text encoder to learn the cosine similarity 
of a pair [text-image] from the embeddings of the two encoders. Recently the generative capabilities of 
Diffusion Models have been shown to surpass GANs. Diffusion Models have recently been shown to 
generate high quality synthetic images, especially when paired with a guidance technique to trade off 
diversity and fidelity. The aim of this project would be to explore the effectiveness of the diffusion 
models in guided image synthesis. 

 

 

7. Objectives in brief: 
(i) Improvement in the field of text-image generation. 
(ii) Diffusion Models have outperformed Generative Adversarial Networks (GANs) on Image 

generation task, capable of producing realistic images and sounds. One of the key methodologies 
we plan on using are text embeddings from large LMs (Language Models), pre-trained on text 
only corpora. 

(iii) Attempt will be made to generate sequential image frames to represent the text description. 
(iv) Study of the theoretical aspects of the new integrated model will also be attempted. 
(v) The effectiveness of the image synthesis of the diffusion model can be used in other application 

areas such as music synthesis (audio) and video clips. 
 

 

8. Description of the problem (Max. 300 words): 

Deep learning models are now capable of generating captions for images such as photographs, paintings, 
and scenarios, and even for video streams. Recently, researchers are trying to exploit the immense 

Dr. Dinabandhu Bhandari, Professor, Heritage Institute of Technology, Kolkata 

Name of Other Scientists associated with their affiliation: 

Date of Commencement: 01 April 2023 

Expected Date of Completion: 31 March 2026



 

On Density of Grid Points in l∞-Balls 

Nilanjana G. Basu1[0000−0001−5053−7517], Partha Bhowmick2[0000−0003−2765−7777], and Subhashis 
Majumder1[0000−0002−0849−9016] 

1 
Department of Computer Science and Engineering, Heritage 
Institute of Technology, Kolkata, India 

{nilanjanag.basu,subhashis.majumder}@heritageit.edu https://www.heritageit.edu/CSE.aspx 
2 

Department of Computer Science and Engineering, 
Indian Institute of Technology, Kharagpur, India pb@cse.iitkgp.ac.in 

https://cse.iitkgp.ac.in/p˜b/ 

Abstract. Finding the minimum and the maximum densities for axes-parallel squares, cubes, and 
hypercubes, cast in the integer space, is an important problem in the domain of digital geometry. 
In this work, we study different variations of this problem and solve a number of them. 
Interestingly, the extremum values for integer sizes sometimes differ from those for real sizes, 
and hence, we have studied and analyzed them separately. Further, the results and proofs in 2D 
readily extend to higher dimensions, and hence we could get simple-yet-novel theoretical results 
for the extremum densities for l∞-balls in general. As ‘density’ provides a measure of how a set of 
points bounded by a region is relatively more concentrated or sparse, it has applications in 
image analysis, social networking, complex networks and related areas, apart from different 
branches of physical science. Hence, our results are fundamental in the understanding of locating 
the density minima and maxima in a discrete space of an arbitrarily large dimension. 

Keywords: Digital square • Digital Cube • Digital Hypercube • Digital geometry • Pixel density • 

Geometry of numbers 

1 Introduction 

In the domain of discrete and computational geometry, acquiring the knowledge of a particular fact 
is of paramount importance – how dense or how clustered a specific set of points is, compared to a 
given set within a given shape or region. It has been easily noticed in the domain of Social 
Networking and Complex Networks which got established as some of the mostly popular areas 
recently. 

1.1 Existing work 

In 2D, ‘Density of points’ of an unweighted set of points is expressed as the number of points per unit 
area [11]. In case of a weighted set of points, it is the sum of the weights divided by the area of that 
region. Later Basu et al. [3] proposed algorithms for finding maximum- and minimum-density 
regions for higher dimensions. In the domain of digital geometry, quite a handful of work [7,10,12, 
13] has been done related to digital discs and digital balls defined on square or non-square grid. 
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On Density Extrema for �1-Balls in 2D and 3D Integer Space

Nilanjana G. Basu∗ Subhashis Majumder∗ Partha Bhowmick†

Abstract

Digital balls are made of integer points and defined in a
particular finite-dimensional metric space. By their very
definition, they indeed have a drastic difference from the
real-space balls because their elements are countable.
The countability offers the scope for their unique charac-
terization and related applications in discrete-geometric
computation in various domains such as computer vi-
sion and combinatorial image analysis. Density is one
of the unique characteristics of digital balls, and since
this measure varies with the position and the size of a
ball in any metric space, a natural inquisition lies with
its extremum values. This paper presents some notable
results on these extrema for �1-balls in 2D and 3D space.
Further possible investigations related to this are also
mentioned at the end.

1 Introduction

Characterization of integer points for various compu-
tational purposes is one of the prevalent problems in
computer graphics, computer vision, and image anal-
ysis. It helps us understand various facts and figures
that are intuitively not apparent. Opposed to points in
the real space, points in the integer space are countable,
equipped with certain classes of neighborhood relations
that are different from those in the real space, and can
be used to constitute specialized topological spaces with
appropriate metrics. Counting and density measure of
integer points are two related concepts that are needed
to characterize specific metric-defined balls or simple
geometric shapes. One such classic example is Pick’s
Theorem for triangles on the 2D plane, given that the
vertices are all integer points. The scenario, however,
becomes quite complex when the vertices are not bound
to be integer points, especially for polygons (or polyhe-
dra) with four or more vertices. The proof technique
for one class of polygons may not be handy for another
class, and hence exclusive proofs are needed for them.
In this paper, we present some novel findings on mini-
mum and maximum densities of �1-balls in 2D and 3D
integer space.

∗Department of Computer Science & Engineer-
ing, Heritage Institute of Technology, Kolkata, India.
{nilanjanag.basu,subhashis.majumder}@heritageit.edu

†Department of Computer Science & Engineering, Indian In-
stitute of Technology, Kharagpur, India. pb@cse.iitkgp.ac.in

Table 1: Summary of results. (ε is a real number tending

to 0. The entries marked by � are not yet found by us.)

max density min density

Center λ ρ λ ρ λ

2-diamond

Z
2

Z
+ 5

2
2 1 ∞

Z
2

R
+ 5

2
2 1

2
2− |ε|

R
2

Z
+ 4 1 � �

R
2

R
+ 4 1 4

9
3− |ε|

3-diamond

Z
3

Z
+ 21

4
2 1 ∞

Z
3

R
+ 21

4
2 21

32
4− |ε|

R
3

Z
+ 12 1 � �

R
3

R
+ 12 1 3

8
4− |ε|

1.1 Related work

Density, as a measure, provides a notion of the rela-
tive concentration of points within a given shape or
region [13]. Hence, it finds numerous applications in
different branches of physical science; some of the inter-
esting ones can be found in [6, 7, 10, 11, 16, 17, 18] and
in the references therein.

Quite a handful of work has been done related to dig-
ital discs and digital balls defined on square or non-
square grid [8, 5, 14]. There are also some research
works on different algorithmic techniques and analyses
related to their constructions [1, 2, 4, 15]. Regarding 2-
dimensional digital �2-balls (i.e., Euclidean discs), cer-
tain interesting results on minimum and maximum den-
sities can be seen in a recent paper [3].

1.2 Our work

An �1-ball can be conceived as a diamond in 2D and
a regular octahedron in 3D. Its density is defined as
the number of integer points per unit of its area or vol-
ume. (Mathematical definitions follow shortly in §1.3.)
We have characterized the density functions of �1-balls
in 2D and 3D with all possible specifications and have
thereby deduced the definite values of maximum and
minimum densities. Interestingly, these extremum val-
ues are found to depend on whether the diagonal-lengths
or/and the centers are real- or integer-valued. The main
results are summarized in Table 1.2. We denote by R

the set of real numbers, by Z the set of integers, and by
Z
+ the set of positive integers.
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École de technologie supérieure

Département de génie électrique
1100, rue Notre Dame Ouest

Montréal (Québec) Canada H3C 1K3
Téléphone : 514 396 8829 

SUBJECT: Letter of invitation for collaboration  
 

Dear Dr. Raja Karmakar  

It is my pleasure to initiate joint collaborative research between the Department of Computer 

Science and Engineering, Heritage Institute of Technology, Kolkata, India, and my team. Our focus 

lies in the broad domain of the implementation of artificial intelligence techniques in beyond 5G 

networks. In this context, we invite a team from your department to join us as researchers for 

one year, starting September 1, 2023. The collaboration can be initiated remotely, allowing your 

team to work from India. This collaboration is voluntary in nature.  

I am looking forward to working with you.  

Sincerely, 

 
  
 
 
Professor Georges Kaddoum 
Department of Electrical Engineering  
École de Technologie Supérieure 
1100, rue Notre-Dame Ouest Montréal (Québec) H3C 1K3 Canada 
Email: georges.kaddoum@etsmtl.ca  
Phone: 514 396-8923, Fax: 514 396-8684 
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